Radio Frequency Interference (RFI) continues to be an annoyance to passive microwave remote sensing as spectrum demands escalate. For microwave imagers such as GMI and WindSat, the X-band and Ku allocated passive bands exhibit RFI from terrestrial based sources and from space-based geostationary satellites reflecting from the ocean, lakes, frozen ground, and other reflective surfaces. The GMI bands were designed to maintain the 3-dB bandpasses within the ITU allocated Earth Exploration-Passive bands, while WindSat, due to its sensitivity requirements, has much wider bandpasses. Both sensors have very similar viewing geometries, creating an ideal situation to address the question "Is it worth compromising radiometric sensitivity with lower bandwidths to stay within the allocated bands." We find that the only benefit for these sensors of remaining within the allocated band is the elimination of reflected RFI from geosynchronous satellites around Europe at 10 GHz. Other than that, remaining within the protected bands appears to not provide much benefit.
INTRODUCTION
The Global Precipitation Measurement (GPM) Microwave Imager (GMI), launched in late February 2014 [1] , operates along with multiple US domestic and international sponsored radiometers to provide precipitation as well as many other weather products including ocean winds, sea surface temperature and atmospheric temperature and moisture profiling. The radiometers have generally been designed around several specific spectral bands allocated by the International Telecommunications Union (ITU) for passive earth exploration. Some of the ITU allocated bands include 10.6 -10.7 GHz, 18.6 -18.8 GHz, 23.6-24 GHz and 36-37 GHz among others.
The requirements for GMI and other radiometers has have maintained the 3-dB bandpasses within the ITU allocated bands. One of the exceptions is WindSat [2] , which is specifically designed to operate outside of the allocated bands in order to provide sufficient radiometric sensitivity via larger bandwidths to retrieve ocean surface vector winds.
With WindSat and GMI operating concurrently, we assess the effects of RFI both at the narrower GMI bandwidths (within the ITU allocated bands) and at larger WindSat bandwidths (extending outside of the allocated bands). We find that the extent and levels of landbased RFI between GMI and WindSat are comparable for the two sensors at 10 GHz. The largest difference between the RFI in the two sensors is the reflected RFI from Geosynchronous satellites off of the ocean for 10 GHz around Europe. The WindSat data shows fairly bright interference around Europe, while GMI is clean. For 18 GHz, the WindSat wider bandwidth may actually provide better RFI rejection as it tends to make the sensor less sensitive to RFI because of the increase in Earth surface signal. The 18 GHz benefit is observed in areas of moderate RFI around Libya and Belarus.
ANALYSIS
RFI is readily identified using the technique given in [2] [3] [4] . The technique uses the fact that the various spectral channels are not entirely independent, and one channel can be approximated as a linear combination of channels of other frequencies and their squares. The technique is applied to both GMI and WindSAT data to produce RFI maps over the globe. RFI maps were generated for September and October 2014. RFI maps for polarization-averaged 10 and 18 GHz at various locations of high RFI are provided in this section. Figures 1 through 6 show the RFI observed for 10.65 GHz (Figures 1-3 ) and 18.7 GHz (Figures 4-6 ) in the areas of most significant RFI. The top panes in each picture display the observed GMI RFI and the bottom panes display the WindSat RFI. Similar RFI signatures, levels, and extents are exhibited in all areas except for the reflected RFI around Europe. Around Europe, the WindSat frequencies are partially within the band allocated for RFI frequencies for fixed (i.e. geosynchronous) transmitting satellites are above the GMI bandpass.
Some interesting RFI features that appear in both GMI and WindSat are the strong terrestrial 10 GHz RFI in Great Britain, Italy, Turkey, Mexico, China, Japan, and the Nile Delta. For 18 GHz, GMI exhibits moderate RFI in Belarus and Libya which is barely noticeable in the WindSat data. The significantly wider 18 GHz WindSat bandwidth likely suppresses the RFI in these areas, suggesting that this RFI is directly within the ITU allocated bands. Also for 18 GHz, both sensors exhibit reflected RFI at 18 GHz around the continental US.
CONCLUSIONS
Based on the analysis in this paper, the 10 GHz channels of GMI and WindSAT exhibit very similar RFI features regardless of the width of the bandpass. However, WindSat does exhibit significant RFI around Europe that is absent in the more spectrally constrained GMI data. At 18 GHz, the wider WindSat bandwidth aids to reduce sensitivity to moderate terrestrial RFI and has similar characteristics of reflected RFI around the continental US.
This analysis suggests that keeping radiometer bands at 10 and 18 GHz within the allocated spectrum for Earth Exploration-Passive has very little practical usefulness except to reject 10 GHz RFI around Europe. A more careful analysis may show that selection of an appropriate center frequency with wider bandwidth may also reject the reflected RFI at 10 GHz around Europe and provide better RFI performance than WindSat. If this is the case, there may be no appreciable benefit to staying within protected bands at these frequencies.
